Injury to the cruciate ligaments of the knee commonly occurs in association with posterolateral instability, which can cause severe functional disability including varus, posterior translation, and external rotational instability. Failure to diagnose and treat an injury of the posterolateral corner in a patient who has a tear of the cruciate ligament can also result in the failure of the reconstructed cruciate ligament. There seems to be a consensus of opinion that injury to the posterolateral corner, whether isolated or combined, is best treated by reconstructing the posterolateral corner along with the coexisting cruciate ligament injury, if combined. Commonly proposed methods of reconstructing the posterolateral corner have focused on the reconstruction of the popliteus, the popliteofibular ligament, and the lateral collateral ligament. The aim of this conference is to describe the posterolateral corner reconstruction technique and to provide an algorithm of treatment.
Introduction
Injury to the lateral and posterolateral region of the knee requires particular attention because their sequelae generate considerable morbidity.
Isolated lesions of the posterolateral structures account for 5.7% of knee sprains [1, 2] . The frequency of posterolateral lesions associated with anterior cruciate ligament (ACL) tear is as high as 10% and those associated with posterior cruciate ligament (PCL) tear 27%. The fibular nerve is involved in 15% of cases [3, 4] .
Non-recognition of posterolateral lesions is responsible for ACL and PCL reconstruction failures [1, 2] . Over the past several years, better recognition of the anatomy and biomechanics of the posterolateral corner has made it possible to detail the different lesions more precisely [5, 6] .
Posterolateral laxity is characterized by posterior subluxation and lateral rotation of the lateral tibial plateau due to the failure of one or several structures of the posterolateral corner.
A number of surgical techniques have been described, demonstrating the difficulties involved in posterolateral structure reconstruction. This study explores the anatomy, biomechanics, and different surgical techniques in this domain. 
Dynamic structures

Iliotibial tract and its bands
The iliotibial tract includes four distal bands [6, 11] ; each one can be injured separately (Fig. 2) .
Two bands are superficial:
• the main band is the most superficial, inserting on Gerdy's tubercle; • its anterior expansion, called the iliopatellar band, inserts on the lateral part of the patella.
The other two bands are deep:
• the Kaplan fibers join the deep side of the iliotibial band to the lateral femoral condyle; • the fourth band, whose fibers extend from the deep side of the iliotibial band to the short portion of the biceps femoris and to the lateral gastrocnemius. 
Long portion of the biceps femoris
The long portion of the biceps femoris includes six terminal bands [6, 8] (Fig. 3) .
Four bands are superficial:
• the main band inserts on the posterior median fossa of the head of fibula; • the anterior band inserts on the lateral and distal part of the head of fibula and then sends fibers around the LCL; • a band that inserts on the distal part of the LCL;
• a band that inserts on the posterior part of the iliotibial band.
Two bands are deep:
• an expansion that inserts on the posterior part of the LCL;
• the sixth band that extends to the lateral gastrocnemius.
Short portion of the biceps femoris
The short portion of the biceps femoris inserts through five terminal bands [6] (Fig. 4 ):
• the main band is the direct arm that inserts on the posterior fossa of the head of fibula above the insertion of the main band of the long portion of the biceps; • one band detaches from the anterior part of the direct arm, passes outside the LCL, and inserts on the proximal part of the tibia behind Gerdy's tubercle; • this anterior band expands to the lateral part of the posterolateral capsule and the lateral gastrocnemius; • one of these capsular insertions expands toward the fabella, called the fabellofibular ligament [5, 8] ; • the fifth band attaches on the posterolateral part of the LCL.
Popliteal complex
The popliteal complex is an essential part of knee anatomy (Fig. 5 ).
The femoral origin of the popliteal tendon is located in the popliteal fossa, with anatomical variations thoroughly studied by Watanabe et al. [13] . Its femoral portion is intra-articular and closely joined to the meniscofemoral junction of the posterolateral capsule. In the popliteal hiatus, the popliteal tendon is joined to the lateral meniscus by three bands [3] (anteroinferior, posterosuperior, and posteroinferior), which attach to the lateral meniscus. Any tear is visible on arthroscopy [9, 14] . Immediately after the exit of the popliteal hiatus, an important band detaches from the tendon and inserts on the head of fibula: this is the popliteofibular ligament, or PFL.
Biomechanical role played by the posterolateral structures
Posterolateral laxity manifests through one or several of the following abnormal movements [15] :
• increased dynamic and passive varus; • increased lateral tibial rotation; • hyperextension; • other abnormal movements:
• anteroposterior translation,
• instability of the lateral meniscus (when there is a PFL lesion).
Posterolateral laxity therefore includes increased laxity in all three spatial orientations: frontal, horizontal, and sagittal.
Varus laxity
All studies agree in considering that the LCL is the primary structure containing varus, whatever the degree of knee flexion [16] [17] [18] (Fig. 6 ).
The popliteal complex and the posterolateral capsule are the secondary constraints. The role played by other structures of the posterolateral complex is more difficult to describe.
Gollehon et al. [16] and Grood et al. [17] showed that section of the LCL results in increased varus laxity. The cruciate ligaments also play a considerable role in controlling varus. Markolf et al. [18] demonstrated that section of the posterolateral complex increases the forces supported by the ACL at different degrees of knee flexion and those supported by the PCL beyond 45 • of flexion.
Rotational laxity
Medial rotation
Medial tibial rotation is only slightly disturbed by posterolateral injury [1, 16, 19 ].
Lateral rotation
Section of the posterolateral structures of the LCL increases lateral tibial rotation, maximum at 30 • of flexion [17] . When the PCL is sectioned after the posterolateral structures, a significant increase in lateral tibial rotation appears at 90 • . These observations have been confirmed by Gollehon et al. [16] .
Combined rotational and anteroposterior laxity with associated lesions of the cruciate ligaments
In the normal knee, when anteroposterior force is applied, the tibia tends to turn in medial rotation. When a posteroanterior force is applied, the tibia tends to turn in lateral rotation.
When there is rupture of the posterolateral formations, most particularly of the LCL associated with PCL injury, the anterior drawer results in a slight increase in medial rotation [1, 20] .
Two studies have shown that after section of the LCL and the popliteal tendon, the posterior drawer increases lateral rotation significantly, whatever degree of flexion is present [16, 17] .
Hyperextension
In a cadaver study, Bizot et al. [21] investigated the role of passive hyperextension on the posterolateral structures. Lesions begin in the posterolateral capsule (disinsertion or bone avulsion); at the final stage, the PCL tears at its femoral insertion.
3.4. Other abnormal movements/abnormal recurvatum 3.4.1. Anteroposterior translation 3.4.1.1. Anterior translation. Isolated section of the posterolateral complex never results in anterior tibial translation [16, 17] . However, the posterolateral complex is an important secondary limitation to anterior translation of the tibia [20, 22, 23] . The forces applied on the posterolateral structures increase when the ACL is torn [24] , suggesting that with combined injury, it is indispensable to reconstruct both of them.
LaPrade et al. [1] and Wentorf et al. [2] reported the same observations; they concluded that it is imperative to reconstruct the posterolateral structures of the ACL and recommended beginning by tightening the posterolateral structures and then tightening and attaching the ACL graft. In cases in which the ACL is fixed first, this allows posterior translation and lateral rotation of the lateral plateau.
Posterior translation. Isolated section of the PCL increases
the posterior translation at all degrees of knee flexion [16, 25] . Combined section of the PCL and of the posterolateral structures results in a significant backward displacement of the two tibial plateaux [16, 17] . This suggests that there is synergy between the posterolateral structures and the PCL.
Markolf et al. [18] and LaPrade et al. [1] showed an increase in PCL tension in PCL reconstruction after section of the posterolateral structures. Harner et al. [26] demonstrated that the forces exerted on a PCL reconstruction increased significantly after section of the posterolateral complex. Finally, Wentorf et al. [2] showed that in cases of combined posterior and posterolateral laxity, a PCL graft can be tightened and attached before performing the posterolateral reconstruction, contrary to the ACL. Isolated reconstruction of the PCL is therefore submitted to very strong forces that over the long term result in its distension and tearing.
Instability of the lateral meniscus in PFL lesions
Simonian et al. were the first to demonstrate the stabilizing role played by the PFL on lateral meniscus stability [27] . They observed a significant increase in lateral meniscus mobility after arthroscopic section of the PFL.
Clinical consequences
There are three stages of posterolateral structure injury, with the knee flexed at 30 • [28]:
• stage I: with 0-to 5-mm opening of the lateral compartment;
• stage II: with 5-to 10-mm opening;
• stage III: with greater than 10-mm opening.
Stage III corresponds to a lesion of all the posterolateral structures (LCL, popliteal tendon, popliteofibular and lateral condylar ligaments). This indicates varus laxity in complete extension of the knee.
Surgical treatments
Treatment of recent serious sprains
Injury to the isolated posterolateral structures is infrequent, while the association with ACL and/or PCL tear is common (28% of isolated posterolateral injuries and 72% of injuries combined with of one or both cruciate ligaments according to LaPrade et al. [8] ).
In emergency situations, recognition of posterolateral lesions is essential because repairing them promotes healing.
Popliteal tendon and the PFL
An arc-shaped incision is made between the Gerdy tubercle and the ulna, 15-20 cm long. The common fibular nerve is identified systematically up to its division. In the most serious cases, the fascia lata as well as the biceps tendon are avulsed or torn. If the fascia lata is intact, three incisions at different levels are made following the fibers, approximately 7 cm long.
The most anterior is parapatellar, the second is located at the lateral epicondyle, and the third at the fibular head. A posterolateral, vertical arthrotomy is made, thus exposing the popliteal tendon, its fibular expansion, as well as the LCL. The popliteal tendon should be followed to its muscle body, so that the PFL can be verified.
There are three repair techniques: reefing, shortening, and reconstruction.
5.1.1.1. Reefing. Reefing is only possible when the tendon itself is injured. Depending on where the tear is located, the sutures are anchored in the remaining tendon and either the posterior side of the tibia or the femur. In case of bone avulsion, anchors can be used to reinsert it.
The popliteofibular contingent is repaired in the same way.
Shortening. If the popliteal tendon is distended but not torn, the Hughston technique can be used to tighten this tendon at the femur: the popliteal tendon is reinserted with a bone block above and in front of its insertion using a staple or a screw ( Fig. 7A -C).
Reconstruction.
If the torn tissue cannot be sutured, reinforcement is necessary using the adjacent tissues, fascia lata, or a part of the biceps tendon ( Fig. 8A, B ). 5.1.1.3.1. Fascia lata. A 12-mm-wide band of fascia lata is harvested ( Fig. 9) ; it is left pedicled on the Gerdy tubercle or detached with a bone block. An ACL drill guide is then used to make an anteroposterior tibial tunnel tibial starting at the Gerdy tubercle, whose posterior orifice arrives 2 cm under the lateral tibial plateau. The fascia lata transplant is detached to acquire sufficient length; it is passed backward, then forward through the capsule, and then fixed at the femur in the popliteal fossa, in a blind tunnel.
5.1.1.3.2. Femoral biceps tendon. Part of the biceps tendon (two-thirds), left pedicled on the head of fibula, is harvested ( Fig. 10 ). It is passed behind the remaining third of the bicipital tendon and attached in the popliteal fossa of the femur, in a blind tunnel, using an interference screw or a tendon anchor.
If the fascia lata or the biceps tendon are damaged, an autologous graft can be used, for example, a medial hamstring tendon or an allograft of the quadriceps tendon or the Achilles tendon.
Lateral collateral ligament
The above-described suturing techniques can be used for the LCL. Femoral avulsions can be treated with a bone-anchored transosseous fixation, as can fibular avulsions. They require the most rigid osteosynthesis possible (screw or staple) because these traction fractures naturally tend not to heal. Non-union is frequent. 
Summary
Treatment of recent lesions is discussed, contrasting repairs and immediate reconstruction. Stannard et al. [29] conducted a prospective level II study comparing both types of treatment in a series of 64 patients. The repair results were poor with 15 failures requiring secondary ligament reconstruction, with relatively less satisfactory objective results. For this reason, we recommend reconstruction of recent posterolateral lesions.
Treatment of chronic laxity
High tibial osteotomy
Alignment of the lower limb should be taken into account before any treatment of chronic posterolateral laxity [28] (Fig. 11 ).
If the patient has a genu varum morphotype and walks with a varus thrust, high tibial osteotomy should be performed before ligament reconstruction. It reduces the traction on the remaining or reconstructed posterolateral components during weightbearing.
If there Albâck stage 2 or 3 osteoarthritis, high tibial osteotomy will create valgus.
Tibial osteotomy can be lateral closing or medial opening. We prefer medial opening tibial osteotomy ( Fig. 12 ) because it is more precise and allows modification of the tibial slope if need be. Fixation of this osteotomy uses a plate with moderate obstruction so that bone tunnels can be made.
In cases of excessive recurvatum compared to the opposite side, the osteotomy can be an anterior opening osteotomy if the ACL is intact.
Ligament and capsule reconstruction
Many reconstruction techniques have been published in the literature. They can be grouped into three types of procedure: ligament tightening, popliteal bypass type reconstructions and their derivatives, and anatomic reconstructions.
Ligament tightening. Thoroughly described by Hughston
and Jacobson and Trillat [10, 30] , the objective of ligament tightening is to tighten the distended posterolateral structures (popliteal tendon, LCL, and lateral condyle). Tightening is performed as described above.
Lerat et al. [31] proposed tightening these structures by transposing the head of fibula and tightening the posterior capsule.
The major problem in these tightening procedures is that the isometry differs from that of the original anatomic structures. In extension, laxity is controlled, but as flexion begins and throughout flexion, these structures are more or less relaxed and cannot control the rotational subluxation of the tibia. For this reason, these tightening procedures should be abandoned.
5.2.2.2.
Popliteal bypass and its offshoots. Many authors have described reconstructions of the posterolateral corner using fascia lata ( Fig. 9 ). Mueller [4] was one of the first in France Fig. 9 . Example of popliteal bypass with an anteroposterior tibial trajectory and return toward the lateral condyle. followed by Bousquet, Christel, Jaeger, Lerat et al., and others [23, 28, [32] [33] [34] .
Mueller's procedure was described in the section on the treatment of recent lesions.
Bousquet et al. [32, 33] proposed two types of reconstruction ( Fig. 13A, B) :
• "first popliteal reconstruction", which used a biceps band;
• "second popliteal reconstruction" or Y-graft using a free transplantation of the patellar and hamstring tendon.
Jaeger et al. [34] also proposed two posterolateral reconstruction techniques (Fig. 14A, B) .
The first criticism that can be leveled against these reconstruction procedures is their anisometry. They prevent rotational subluxation of the tibia in a knee that is near extension, but as soon as the knee is flexed, the reconstruction relaxes and no longer prevents the tibia from subluxating. The second complaint is that the torque of these reconstructions is less than the torque of reconstructions starting from the head of fibula. Finally, they require much greater dissection than anatomic reconstructions and have therefore been abandoned.
Anatomic reconstructions.
Anatomic reconstructions can be useful for the LCL, the popliteal tendon, and/or the popliteofibular tendon.
Proper positioning of the grafts, studied by LaPrade et al. and Wroble et al. [1, 8, 23] , is essential. For the tibia, the entry point is located at the Gerdy tubercle and the exit point at the posterolateral part of the epiphysis, just under the joint cartilage. For the fibula, the entry point is anterior to the anterior side of the head of fibula and the exit point is located at the posterior part of the fibular head.
These reconstructions are the most resistant to posterior and rotational subluxation of the tibia. [35] . The Clancy technique uses the biceps tendon whose terminal insertions are detached (Fig. 10) . The fascia lata is incised longitudinally in its anterior part. The periosteum, located at the femoral insertion of the LCL, is incised. A hole is drilled in the lateral condyle with a 3.2-mm drill and a 7-mm cancellous bone screw with a washer screw inserted to hold the biceps tendon. This is inserted back and forth around the screw, which plays the role of a pulley. The screw and its ring are tightened with the knee flexed at 30 • , with the leg in medial rotation.
The technique with a hemi-biceps [30] is the same but in this case only half of the biceps tendon is used. 5.2.2.3.1.2. Other techniques. If the biceps tendon cannot be used, the patellar tendon [36] , the quadriceps tendon, the hamstring tendon, or an allograft can be used [37] .
Searching for the most isometric trajectory possible between the head of fibula and the condylar fossa of the LCL is recommended. The ligament is attached first at the head of fibula and then in the condylar fossa, with the knee close to extension and the tibia in slight medial rotation. 5.2.2.3.2. Reconstruction of the popliteofibular ligament. Larson [38] described a technique using a free hamstring tendon with passage in the head of fibula and then in the condylar popliteal fossa, a figure-eight reconstruction ( Fig. 15A-C) .
Rios et al. [39] proposed a technique called the modified Larson technique using a medial hamstring tendon through the head of fibula and two femoral blind tunnels, one for LCL reconstruction and the other for PFL reconstruction.
Ho et al. [40] experimentally compared two techniques based on a transfibular tunnel and either a femoral tunnel (technique A) or two femoral tunnels (technique B). Both techniques control varus identically. However, resistance in lateral rotation and posterolateral translation is improved with technique B with the two femoral tunnels.
Veltri et al. [20] proposed a combined reconstruction of the popliteal tendon and the PFL with a bone-tendon autograft or an allograft (Fig. 15D) .
Isolated reconstruction of the PFL was proposed by Zhang et al. [41] in patients presenting only excessive lateral rotation of the knee greater than 15 • compared to the contralateral side with no varus laxity. The reconstruction is based on creating two tunnels in the head of fibula with a posterior exit and a blind condylar tunnel at the insertion of the popliteal tendon. A hamstring tendon is used, with loop fixation in the head of fibula and a fixation with an interference screw in the lateral condyle.
Reconstruction of the popliteal complex.
Reconstruction of the popliteal tendon is required when repair is inappropriate ( Fig. 16 ). Reconstruction is similar to the above-described popliteal bypass. The graft can be either an autograft or an allograft. Most authors recommend attaching the graft with the knee close to extension with neutral tibial rotation.
Arthroscopic reconstruction of the popliteal tendon has been described by Feng et al. [42] . This is the sling procedure [43] .
Combined reconstructions.
LaPrade et al. [44] published a technique that reconstructs the popliteal tendon, the popliteofibular component, and the LCL (Fig. 17) .
The following tunnels are formed:
• two tunnels in the lateral condyle at the anatomic insertion of the LCL and the popliteal tendon; • an anteroposterior tibial tunnel, with a posterolateral exit;
• finally, a tunnel in the head of fibula with a posterior exit. Fig. 16 . Reconstruction of the popliteal tendon. An allograft is used. Breitel and the Versailles team [45] published an original reconstruction technique combined with a hamstring tendon transplantation transplant in a Y-shape ( Fig. 18) .
A biomechanics study reported by Apsingi et al. [46] compared the modified Larson technique with the LaPrade technique. The two techniques were comparable in terms of varus laxity and rotational laxity control. However, posterolateral translation was poorly controlled by both techniques.
A biomechanics study published by Zhang et al. [47] compared the Larson technique with PFL reconstruction and reconstruction of the popliteal tendon using a navigation system. The popliteal tendon reconstruction technique excessively constrained the knee in rotation and the difference was significant. Fig. 18 . "Versaillaise" posterolateral reconstruction.
Therapeutic strategy
The therapeutic strategy varies depending on the lesional associations and the acute or chronic nature of the lesions.
Recent serious sprains
When ACL tear and a posterolateral lesion is associated, treatment depends on the degree of injury of the posterolateral components ( Fig. 19 ):
• if the posterolateral injury is grade I or II, orthopaedic treatment is recommended with brace immobilization in extension for 3 weeks without weightbearing, then beginning rehabilitation and ACL reconstruction as soon as the knee has recuperated mobility; • if the posterolateral injury is grade III, posterolateral reconstruction is urgent because spontaneous healing of the posterolateral structures will be very poor quality. In this case, we recommend ligament reconstruction.
Rehabilitation after reconstruction of the ACL and the posterolateral components includes crutches with no weightbearing for 3-6 weeks, depending on how severe the lesions are and the quality of the repair. The knee is rehabilitated between 0 and 90 • for the first 3 postoperative weeks progressing to between 0 and 120 • at the end of the 6th week.
PCL associated with posterolateral structure injuries
In associations of the PCL and posterolateral structure injury, treatment is identical to that described in the previous section.
Imaging strategy
Whatever the stage in these combined injuries, we recommend requesting an MRI that should be done as rapidly as possible because the different lesions are better identified early. Our experience has led us to prefer basing decisions on the MRI results more than the clinical assessment because one does find dissociated and multilevel lesions. In this case, aggressive action is better from a surgical point of view because spontaneous healing of this type of lesion is always arbitrary. In addition, in showing the lesions, their location, and their characteristics, MRI allows the surgery to proceed directly to the crux of the procedure, thus limiting the size of the dissection, the duration of the procedure, and postoperative morbidity.
Chronic laxity
It is important to assess the morphotype looking for a genu varum using a lower limb x-ray in the standing position ( Fig. 20) . Any significant varus must be corrected with high tibial osteotomy, preferably through a medial opening. The value of the axial deviation, on which the decision for this osteotomy is based, continues to be debated. In general, beyond 5 • varus, an osteotomy should be performed.
In case of osteotomy, ligament reconstructions can be done in a staged procedure.
In combined ACL and posterolateral structure reconstruction injuries, reconstructions of the posterolateral corner are performed before tightening the ACL graft.
In contrast, with combined PCL and posterolateral structure injuries, the PCL can be tightened and fixed first, for the reasons explained above.
Postoperative recovery is conditioned by the tibial osteotomy and the severity of the posterolateral reconstruction. The more recent the lesion, the more prudent mobility recuperation should be.
Conclusion
Anatomy, biomechanics, and posterolateral ligament and capsule repair techniques of the knee are complex. The essential problem is to know how to identify the posterolateral injury in both emergency and chronic contexts. The existence of isolated acute posterolateral injury, or, most often associated with a central pivot lesion, requires emergency surgery to repair the posterolateral structures and the cruciate ligaments.
At the chronic stage, one must always ask the question of whether there is unrecognized posterolateral laxity when a patient presents central pivot reconstruction failure. Such laxity should be systematically treated with surgical stabilization.
All the components of posterolateral laxity must be identified so that they can be corrected. Chronic injuries are always more difficult to stabilize than acute injuries.
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